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: TERMINALAREA ENERGYMANAGEMENT

REGIME INVESTIGATIONSJIIILIZINGAN O.030-SCALE

_.IOUEL(47-0)OF THE SPACE SHUTTLEVEHICLE

ORBITERCONFIGURATION140A/B/C/RIN TIIE

AMES RESEARC}ICEI_TERII x II FOOT i

TRANSONICWIND TUNNEL (0A148)

by

P. J. Hawthorne,RockwellInternationalSpace Division

ABr-_TRACT

This reportdocumentsdata obtainedin wind tunnel test 0A148.

_ The-objectivesof the test serieswer._.to:.

: l) obtain pressuredistributions,forcesand momentsover the vehicle

5 Orbiterin the terminalarea energymanagement(TAEM)and approachphases

of flight.

2) obtain elevonand rudderhinge.momentsin the TAEIIand approach

phasesof flight.

3) obtainbody flap and elevonloads for verificationof loads
•" .i

balancingw.ith integrated-pressuredistributions_

4) obtainpressuredistributionsnear the short OMS pokdsin the high

subsonic,transonicand low supersmHc Mach number regJmes.

• Testingwas conductedover a Mach number range from 0.6 to 1.4 with

Reynoldsnumbervariationsfrom 4.57 x lO6 to 2.74 x lO6 per foot. Model '

i_,_ angle-of-attackwas variedfro_,-4 to 16 degreesand anglesof side slip

: rangedfrom -8 to 8 degrees.

=.. iii i
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NOMENCLATURE

Plot

_ Definition

A_ AB totalOrbiterbase area, ft2

Ai AI area over which Pl acts, ft2

Asb ASB speed brake basearea, ft2

b BREF, BW Orbiterwing span, in

bv BV verticaltail referencespan, in

CAu CAU Orbiteruncorrectedaxial force coefficient

CA CA Orbiteraxial force coefficientwith sting
cavityadjustedto averagebase pressure

i

CAF CAF Orbite_Qr_body axial force coefficient.

CAsc CASC Orbitersting cavityaxial force coefficient.

CDu CDU Orbiteruncorrecteddrag coefficient

- Chbf CHBF body flap hiBge moment coefficient,about
hinge llne Xo = 1532.0

Chei CHEf inner elevonhinge moment coeffici_t, about....
hinge line Xo = 1387.0

Che° CHEO outer elevonhinge moment coefficient,about
hinge llne Xo = 1387.0

CHETOT total right elevonhingemoment coefficient
CHeToT ,

/

. CLu CLU Orbiteruncorrectedllft coefficient !

C_ CBL Orbiterrollingmoment coefficient,body
axis system

5

4" •
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I
NOMENCLATUR_(Continued)

,' P1ot
S_mbol Sm_ Definition

Cm CLM Orbiterpitchingmoment coefficientwlth
: sting cavityadjustedto averagebase pressure, ,

referencedto OrbiterMRC.

' ..Cmu CLMU Orbiteruncorrectedpitchingmoment coefficient

i:

_mF CLMF Orbiterforebodypitchingmoment coefficient; referencedto orbiterMRC.

I
I_: Cmsc CLMSC Orbitersting cavitypitchingmoment coefficient,referencedto OrbiterMRC

CNu CNU Orbiteruncorrectednormal force coefficient

CN CN Orbiternormalforce coefficientwith sting
cav-i_adjustedto averagebase pressure

!: CNF CNF Orbiterforebodynormal force coefficient

CNsc CNSC Orbitersting cavitynormal force coefficient

Cn CYN Orbiteryawing moment coefficient,body axis system

Cpi CPi surfacetap pressurecoefficient,port i,
. (Pi - P=)/q

, Cy CY Orbiterside force coefficient

C[x][y] C[X][Y] base area force and moment coefficients.The first subscript(postfix) designatesthe
type of coefficient,the secondthe pressure
tap and it's associatedarea. The symbolic '.[

' vectors[X] and [Y] are definedbelow.

[x]__= J
A A axial force
N N normal force
Y Y side force
m LM pitchingmoment
n YN yawingmoment

BL rollingmoment _]

00000001-TSA11



• I
I! NOMENCLATURE(Conti nued)

i Plot

S__mbo____lS_.vmboI Def!nl tt on

[Y]j

1,2,3 1,2,3 areas associated with pressure taps
4,5,6 4,5,6 1 through 6 see figure 2b
sc SC sting cavity area

• bf BF upper body fl-,p area

.... Ib LB Orbiterreferencebody length,IML nose
to Xo = 1528.3,in.

CREF LREF longitudinalreferencelength,Orbitermean

aerodynamicchord, in l

LU/DU uncorrectedlift to drag ratio,CLU/CDU

M MACH freestreamMach number

PHI angularcylindricalcoordinateposition
aroundOrbiterbody - deg.

Pi Pi pressureat surfacetap i, PSF

P® P freestreamstatic pressure,PSF

Pt PT freestreamtotal pressdre,PSF

q Q freestreamdynamicpressure.,PSF

RN/L unit Reynoldsnumber,millionper foot

S SREF wing referencearea, ft2

Tt TTR freestreamtotal temperature,°R

Xcp XCP/L centerof pressurelocationreferredto Ib

Xo/Lo X/LB longitudinallocationof body surface,
fractionof body length



I
: NOMZNCLATURE(Concluded)

Plot

XIC XICW chordwiselocationon wing surface,
fractionof localchord

X/Cv X/CV chordwiselocationon verticaltail,
fractionof localchord

: m: Z/BV spanwiselocationon vertical-tail,
fractionof verticaltail span

n 2YIBW spanwiselocationon wing, fraction
of semi span I

Xmrp XMRP longitudinallocationof moment referencepoint

XT XT longitudinalmoment transferdistancefrom
Orbiterbalancecenterto OrbiterMRC, in

Ymrp YMRP laterallocationof moment referencepoint

ZT ZT verticalmoment transferdistancefrom
Orbiterbalancecenterto OrbiterMRC, in

ALPHA angle of attack,degrees

B BETA angle of sideslip,degrees

6bf BDFLAP body flap deflection,degrees

ELVN-L, left elevendeflection,degrees
" 6eL L-ELVN

ELVN-R, righteleven deflection,degrees
6eR R-ELVN

; 6r RUDDER rudderdeflection,degrees i

i. _sb SPDBRK speed brake deflection,degrees

!_ Zmrp ZMRP verticallocationof moment referencepoint !

}:_ $$ mask characterused to indicateall
')_ possiblevaluesfor this test Ol through85
E;'.:

8 I

_.,, _ , " " " ., ' , ' - _ " _. ,,_ ,.L. _
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REMARKS

During the courseof the test it was necessaryto replumbthe scani_

valves. The resultanttime IQss neces_ItaLeddeletinQthe prloriLy4 runs

which Incorporatedthe use of the metric,v(_rticaltail. , _

Data obtainedfrom pressuretaps IH4,296 and 347 are suspectdue to /

slow leaks noticedwhile leak checkingindividualmodel pressuretaps.

Body flap hinge moment data for datasetsRESO01 throughRESO05 have

a -15%driftwhile datasetsRESO06and RE8007have a +10%driftdue to data

recordingsystemerrors. Systemchecksduring the remainderof the test

indicatea systemerror of less than 4% for body flap hinge mo'_e,,t(I_t,.

Rollingmomentdata has an approximate-.003 bias T ' .aefficlent.

The reasonfor this was not determined,but possit',ssourcesare fabrication

tolerancesand/ur differentialstiffnessof the left and right eleven

panels.

Distortionof the instrumentedelevol -haft appearsto have occurred

aroundrun 310 due to model assemblydifficultiesand the maximumloads en-

counteredat these test conditions. A comparisonof measuredelevende-

flectionbefore and after the test with the nominalsettingis presented

below: _,.

ElevenPanel Nominal Pre-Test Post-Test

-I0 -9° 36' -8° 55'
-4 -3° 34' -2° 55'

Inboardright +0° lO' +I° 02'
+4° 26' +4° 28'

• _ lO +10°32 ' '10039 '

f :I0 TM
+4° 26' +3° 59'

0 +10°32' +lO°I8'

* Inboardonly was measuredbut was the same as outboardpanel(seeRef 2)

"'"_'_7-- : "_ _xc,..r: ---" ..... _,.,_,'_;'--_t_ ,_V"'7_ "-'_" -:-r'_ _:--_ " _-' - " _ "_"--- '_._,"-_n-- , ,.; , . ,-, c; _ ;, , , ..c --_- _ ¢ _, %,,- GC._-'_ ".-_ . ._ _- - b' ,,,, " ._, o " ._......... ., ,
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CONFIGURATIONINVESTIGATED

The Rockwell Internati_Balmodel 47-0 Space ShuttleOrb-l-f_-Nehicle

w_isutilizedin this test series. The model was originia.llyconstructed

to -140A/Blines,but v_s-_,ic_d4_-i_d-_ior.tothis testwith the addition
I

of the -140C OMS pods, six inch bevelledinterpanelelevongaps and un-

coveredRCS forwardthrustorparts. To denotethese additions,the addi- i

_. tionaldesignations"C" (for-140C OMS pods) and "R" (forRCS thrustors)

_ were added,and the sl_d for convenienceon Table II(designated .:

"-140ABCR"). !
)

• In data sets RE8069to 085 the RCS thrustor--portsin the nose were

filledrevertingthe configurationto -140A/B/-C-mod-ifiedwith body B26.__

The followingnomencTaturedenotesthe model components:

Component Description

_ B.,6 140A/Bfuselage(VL70-OOOI4OA,VLT-OOOO_-4OB-)--.--

B70 140A/Bfuselage(VL70-OOOI4OA,VL70-000145,VL70-OOOI4OB,
VLTO-OOO143A,VL70-000139)with RCS thrustorparts (VL70=..
08501,VL70-08502,VL70-08296)

C9 140A/Bbasic canopy (VL70-OOOI4OA,VL70-OOOI43A)

E44 140A/Belevons (VL70-O00200,VL70-OO608g,VL70-OOSOg2)
with si'xinch bevelledinterpanelgaps,no f1_rperdoor

F9 140A/Bbody flap (VL70-OOOI4OB,VLTO-O00200) ;_

Ml6 OMS-RCSpods for 140C Orbiter

N28 OMS basic nozzles

R5 basic Orbiterrudder (VL70-OOO146A,VL70-000095)

V8 basic Orbiterverticali':kil(VL70-OOOI4OA,VLlO-OOOI45A)

Wll6 basic 140A/Bwing (VL70-OOOI4OB,VL70-O00200) .] '

lO



L I

i

CONFIGURATIONSINVESTIGATED(Concluded)

: Da.sJgnatedconfigurationsare:

-140ABCR-'-B70 C9 E44 F9 M16..N28R5 V8 WII6 .....

-14o_A8c-826c9E44F9h6N28__w,116 ' i

1

,i

1

t

11

k.,

• . .. , .......
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TEST FACILITY DESCRIPTION

The Ames Research Center Unitary Plan 11- by ll-Foot Transonic Wind .-

Tunnel is a closed-circuit,air-medium,vaPlable-densltyfacllltycapable

of attainingMach numbersfrom 0.6"to 1.4 at Reynoldsnumbersfrom 1.7 x i

106/ftto 9.4 x IO6/ft. The test sect.ionis 22 feet long, and models are

installedon internals_rain-gaugebalancesmountedto sting-typesupport

systems.

Shadowg_apfland Schlierenphotggraphicequipmentisavallable,and

pressuretransducerinstrumentationis provided.

Tunnel operatingtemperatureis 580°R. Extended-blgh.Reynoldsnumber

runsare restricted,by power availability.

:

7

i
" 12 11"_

"-'--T _'_'-" v o--. Q .-- _,. v. -&,, _.. o- , _ ,,q.'_ . , ,_, o _ _._' _, o _v , .,-,.;,; ,_, .. ^ ,,, - _ o, _L_ .. _ _, ,. _ . ,,_ . _. . oo _ ,,o
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I
DATA REDUCTION

StandardNASA/Amesdata reductionequationswere used to reduce

forces,moments,and pressuresto coefficientform. Orbitermain balance

force and moment coefficientswere computedusing the followingequations:

Orbitermain balancemeasurement

NF Formal Force
AF Axial Force
PM PitchingMoment
YM YawingMoment ,
SF Side Force
RM RollingMoment

CAu = AF / (q S) CLu = CNu cos _ -CAu sin

CNu = NF / (q S) _, CDu = CNu sin _+CAu cos

Cy = SF / (q S)

PM CA" ZT CN" XT

Cmu qSc c c

R M Cy • ZT MomentTransferDistances

C_ =q-"_b + b
XT = 0.572 in.

= YM Cy • XT YT = 0
Cn q_b b ZT = 0.450 in.

The Moment ReferenceCenteraboutwhich the data was reducedis

locatedat

Orbiter (FullScale)

Xo 1076.68

Yo 0

Zo 375.O0

Balancecoefficientswere groupedinto datasetsRE8055.

' 13

....... _v_ _
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I
DATA REDUCTION(Continued)

Hinge momentsand hinge moment coefficientswere computedusing the

followingequations:

Elevonhinge moments (inboardand outboard).

HMeI = (HMI-HM2)(MI/DI)+ HMI

HMeo = (HM3-HM4)(M3/D3)+ HM3

where

HMi = measuredmoment on strain gage i

D] = distancebetweengages l and 2, .49335in.

D3 = distancebetweengages 3 and 4, .45800in.

Ml = moment transferdistancefor inboardelevon, .93825in.

M3 = moment transferdistancefor outboardelevon,.92250in.

Elevonhinge moment coefficients

Inboard,CHeI ::*HMeI / (q Se ce) 4 _

Outboard,CHe° = HMe° / (q Se ce)

Total = +
, CHeToT CHeI CHeo

Se = elevon referencearea, 0.189 ft.2

ce = elevon referenceMAC, 2.721 in.

Body flap hingemoment coefficient

CHbf = HMbf/ (q Sbf Cbf)

HMbf = 1_leasuredbody flap hinge moment
L i"

Sbf = body flap referencearea, 0.12834ft._

• i : '_ .................. ......... : ' : ..................... : .......... "....................." ............................ . : _.... , " _;_
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DATA REDUCTION(Contlnued)
-w

_. Cbf = body flap referenceMAC, 2.541 in.

Hingemoment coefficientsare part of datasetsRE8X$$.

i_ Pressurecoefficientsfor all model orificepressuremeasurements

't were computedusing this equation:

CPi = (Pi " P®)/q

I! where Pi = pressureat model orificei

P= = tunnelstaticpressure

q = tunneldynamicpressure

Other data reductionconstantsinclude:

S = wing referencearea, 2.4210ft.2

c = wing referencechord, 14.2443in.

b = wing referencespan, 28.1004in.

After the data had been reducedto coefficientform by NASA/AMES,DMS

interpolatedit to nominal_'s and B's. Then 2 types of base and sting

cavityarea coefficientswere calculated. When they are applied3 types

of balancecoefficientdata exists. These can be distinguishedby the

last subscript(symbolicname) or postfix(mnemonicname). The key is

given below

U - uncorrectedcoefficients.

- coefficientswith sting cavitypressurecorrectedto
base pressure(withouta suffix).

F - forebodycoefficientswith the base area pressure
correctedto freestreampressure.

! 15
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I
DATA REDUCTION(Continued)

Only the correctioncoefficientsassociatedwith base pressuretapes l

through4 were appliedto the longitudinalorbitercoefficients.

Figure2b illustratesthe base area associatedwith each pressure

tap. Alphabeticcharactersbf and sc designatebody flap and sting cavity

areas, respectively. Base area coefficientnam_.shave a numericcharacter

which designatesthe pressuretap number. Base coefficientsfor vertical

tail areas 5 and 6 were calculatedbut not appliedto the total orbiter

coefficients. Base area coefficientvaluesare tabulatedin the appendix.

A detailedderivationof these coefficientsfollows. It is concludedby

a matrix of base area geometricproperties.

The orbitersting cavityforce and momentcoefficientswere computed

as:

(Cp2 - Cpl) Al
CAsc =-- S

(Cp2- Cpl) Al tan 12.55°
CNsc = S

Z t Xsc
Cmsc = CAse--c-" CNsc

The orbiterforceand momentcoefficientscorrectedfor the differ-

ence betweenbalancecavitypressureand orbiterbase pressure:

CA = CAu - CAsc

CN = CNu - CNsc

Cm = Cmu - Cmsc

These orbitercoefficientsare part of datasetsKE8055.

15 ,,
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DATAREDUCTION(Continued)

Orbiterbase force and moment coefficientswere calculatedas follows:

Upper base area

CN2u = -(Cp2 A2u tan 16°)/S

CA2u = -(Cp2A2u)/S

: Cm2u - CA2u Z2u CN2u X2uC C

Lower base area

CN2_ = -(Cp2 A2_ tan lO°)/S

CA2_ = -(Cp2 A2_)/S

Z2_ _ X2_
Cm2_ = CA2_ _ CN2_ c

Total base area, A2

CN2 = CN2u + CN2_

CA2 = CA2u + CA2_

Cm2 = Cm2u�Cm2 g

0MS pod base area, A3

(Thisassumesthe surfaceis perpendicularto the orbiterX-axis)

_.. CA3 = -(Cp3 A3)/S _,
j-

Z3
i: Cm3 = CA3 T

_i OMS pod base area, A4

(Thisassumesthe surfaceis perpendicularto the orbiterX-axis)

]7

...... s _, .............. ........ .,_--.
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DATA REDUCTION(Continued)

CA4 = -(Cp4 A4)/S

Cm4 = CA4 _E_

Coefficientsfor the above areas are groupedinto datasetsEESD$$.

Upper surfaceof body flap

c.:_ CAbf ='CpbfsAbfsin (6bf +6.88 °)

CNbf _ -Cpbf AbfS cos (_bf+ 6.88°)

CAbf Zbf CNbf Xbf
Cmbf = c c

where:

Cp200 + Cp20] + Cp204 + %205
Cpbf = 4

The orbiterforce and moment coefficientsadjustedto free stream
pressure(forebodycoefficients).

(-Cp_ Al + _ CAi + CAbf)CAF = CAu - i = 2

CNF = CNu -(CN2+ CNbf)
4

CmF = Cmu-(i_2= Cmi + Cmbf)

These orbitercoefficientsare part of datasetsKE8055.

Verticaltail "undercarriage"area, A5

Top Segment:

CN5t : (Cp5Ast tan 63.75°)/S

" .... 00000001-TSB09
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DATAREDUCTION(Continued)

CA5t = . (Cp5ASt)/S

Z5t XS_
Cm5t " CAst's-" CNst"_- i

MiddleSegment:

CN5m = (Cp5 A5mtan 26.1426°)/S

CA5m = . (Cp5 A5m)/S

Cm5m = CA5m Z5m Xsm-_-- CN5m -_-

'i

Bottom Segment:

CN5b= (Cp5 ASb tan 21.94°)/S

CA5b = . (Cp5 A5b)/S

Cm5b = CASb Z51o. CN5b X5---_b
C C

Total area, A5:

CN5 = CN5t + CNBm+ CN5b

CA5 = CA5t + CASm+ CABb

CM5 = Cm5t + Cm5m + Cm5b

VerticalTail base area, A6:

Segment above rudder

CN6u = (Cp6 A6u tan 63.75°)/S

CA6u = (Cp6 A6u)/S

Cm6u = CA6u Z6--_u- CN6u Xc6_UC

19
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_: DATA REDUCTION(Continued)

Rudder/Speedbrake base:
i

CA6_ = Cp6 A6._ [sin (e-55.1667°) cos 55.1667"

+ cos (e -55.1667°) sin 55.1667° cos (6r)]/S

CN6_ = Cp6 A6._ [sin (e - 55.1667°) sin 55.1667"

- cos (e-55.1667°) cos 55.1667° cos (6r)]/S

Cy6¢ = Cp6 A6__ cos (e -55.1667°) sin 6r/S

Cm6_ = [CA6_ (Z6¢) - CN6 (X6¢)]/c

C_6¢ = [Cy6¢ (Z6_)]/b

Cn6_ = -ICY6 (X6_)]/b

e = tan"I [5.456791+ .573209cos -_._-_-__I

[3.797715- .823715cos j
A6_ = A6_/sino

Total area, A6: :I

i

CA6 = CA6u + CA6z

CN6 = CN6u + CN6_

. CY6 = CY6_ ,.

Cm6 = Cm6u _ Cm6_

C_6 = C_6_

Cn6 = Cn6_

Verticaltailarea coefficientdata are groupedinto datasetsGE8D$$.

,, 20
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_I DATAREDUCTION(Continued)

_ _, , ,

- !

_o_ ___ _,

i

21 "
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DATAIIEDUCTION(Continued)

_h A6_ ft:'

0 0.0066036
25 0.045600(I
35 0.0621000
55 0.0950800
85 0.1551400

X6¢ = 15.045+ 1.442277[l-cos (6sb12)]

Z6¢ = 9.755 + 0.501827[l-cos (6sb/2)]

StandardDMS loads cycle test procedureswere used to processthe

0A148 pressuredata. First numerouspressuredistributionplotswere

released. A.alysisof these producedbad pressure data list.This list

; is rehroducedbelow:

22
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DATA REDUCTION(Continued)

!
OAI4B Bad PressureData

Dataset Tap
Cogmj)onent No. N_o_ _ _z , A
Fuselage 1 143 4 -4 t

(B) I 148 4 -4 II]
1 150 4 -4 I"_ 1 152 4 -4 ,

,3 1 185 4 -4
!.
:: I 187 4 -4 !
! I 189 4 -4
,: 1 191 4 -4
il I 193 4 -4

,,i Lower Wing I _ 7 231 ALL ALL
': (L) 1+85 290 ALL ALL

1 316 4 -4
- I 317 4 -4

1 337 4 -4
1 338 4 -4
l 358 4 -4
1 378 4 -4
I 379 4 -4
1 398 4 -4

Upper Wing I + 7 247 ALL ALL
(U) I 357 4 -4

Body Flap (F) 24 205 -4 12

Speed Brake (K) I �85822 ALL ALL

VerticalTaiI 8 443 ALL ALL
(V) ALL 1444 ALL ALl _i

79 1453 -4 -4
79 1454 -4 -4

iifl "" Note: Wind tunnelpressuredata tabulatedin the appendix

have the origlnalbad data values.

-I! ' 23
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DATAREDUCTION(Continued)

Th_sepointswere eliminateJfrom further'processing. The remainingdata _,

were interpolatedto nominalalpha and beta values. Processingwas com-

pletedwith the releaseof a magnetictape containingthe final interpo-

lated _ressure coefficients. )
• !

This reportcontainsplots and tabular11stlngsfor both force and i

pressuredata. Plottedforce data i11ustrateslateral-dlrectional,1ongl-

tudinaland hinge moment characteristicsof the configurationtested.

Plottedpressuredata illustratesthe effectof severalcontroldeflec- _.

tions and attitudechangeson local pressuredistributions.The multiple

volume"appendixcontainsa tabulatedlistlngof the basic force and pres-

sure data. Listingof the interpolatedbase area coefficientsIs also

included. The plottedand tabulateddata are arrangedin the followlng

manner:

VOLUME
NO. CONTENTS

l Force data plots showinglateral-directlonal

longitudinaland hinge moment characteristics.

2 Plots illustratingthe effectof controlsurface

deflectionson fuselage,_ing and verticaltail

pressuredistributions.
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DATAREDUCTION(Concluded)

VOLUME
NO. rn_ T_,,TEN,S

3 TabulatedForce Data

Dataset Data type

RE8055 sourcebalancecoefficients

RESX$$ sourcehinge moment coefficients

RE8Y$$ source base pressurecoefficients

KE8055. interpolatedbalancecoefficients
adjustedfor cavitypressureand
forebodycoefficients

EE8D$$ interpolatedbase and cavity area
FESD$$ coefficients

GEBD$$ interpolatedverticaltall base
area coefficients

TabulatedPressureData

Fourth
Component Character*

4, 5 orbiterfuselage B l

6,7,8 lower wing L 1271

9,10,11 upperwing U 3147

12 upper body flap F 5405
12 lower body flap G 5774

13 speed brake K 6143
13 verticaltail V 6547

* The fourthcharacterin each datasetidentifier{i.e.,XESBXX,B for
Fuselage)representsthe individualcomponent.

25
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TABLEI

-I, _ .... DATE= May i975 --

TESTCONDITIONS "i

ii • _,J _ i _

REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE
MACHNUMBER (perfoot) (pounds/sq.inch) (delfeesI_ah_enheit)

L

0.60 4.57 X 106 4_166 ..120

0.90 3.41 x 106 4.166 , 120 1
, 1.10 3_rig x 106 4.166 120 .

1_p._ 2,R_ _ 106 4.166. . )20 .i

1.4(_ 2.74 X 106 4.166 120 i

L

BALANCEUTILIZED: ARCTask MKX)['Pk .....
COEFFICIENT

CAPACITY: ACCURACY: TOLERANCE:

NF , 3,000Ibf/.qage i

SF 1500 1bf/qage

PM .__Z,___LD._bf

RM 4000 In-lbf

YM 10,500In-lbf _ _ i

COMMENTS:Maximumnormaland side force dependentupon point of i
application

._-/
..... I I
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TABLE III

MODEL DIMENSIONAL DAIA 1

MODEL COMPONENT:; __BgD_Y_-]J2.L, -_

GENEPAL DESCRIPTION : _!',.gn f._:_._a t,:ton ]hO,_jJ___r_blt_r_.tuacd.a,Cz_.____

._;=')Tb;- B26 is iduntle_l to B21" except underL_de o£ £u.ol.go I_a_ b_f:lL.

refatred Lo accept, Wll 6. , . :_ ,

.___E_, ._30A[,_I" 0.030_ MODEl.DItAWlNG: _-AOOlh7. Re]eaA_ _

DRAWING NUMBER vI.To..t'w_'ll._m_ ...('w_.'__ ..nrw_gnS, .._w_c..n_9.-,'wwnJ.5
vn7o-oooz 6A,-ooo1o

DIMENSIONS : FULL SCALE MODEL SCALE

Length (OMI: Fwd _ta. X0 =235),In. 129_.3 J8.799

Length (IM3,: FWd Sta X =23R).Tn_ ]2,90.3.. 218.707 ,

Max Width ((-_Xo = 1528.3), In. 26b.0

_ax Depth((_X0 = iL6&), In. _50.0 ....7.500

Fineness Ratio O. 26_ Q=26_

Area - Ft 2 ,..

Max. Cross-Sectional 3_0,88 O. 3068

Planform



,. TABLE rll (Continued)

MODEL COMPONENT :, BODy -B7C ........ _

GFNERAL DESCRIPTION: .......Confi_uratlon .240_er_ ru.,,el_,,w i_th
• ,,\

_ _forw-_rd fuselaRe It(:3thruster ports,oth_rwlse P_n is ]d.ntieai &o

B¢_,L •

MODEL SCAI,E: 0.0,30

DRAWINGNUMBER. VLTO-'OOO14OA,-O00.UtOBt -O00]A3B, -4XX)_IAS. -O(X;)_X),
VL70-000205, .-006089, -.008501, -008502, ..008296-

DIMENSIONS • FULL SCALE MODEL SCALE

Length (QMI,: Pwd St_ Xo=235), In. 1293.3 38.799
Length (TIqT.: _ St,a X0 --238)j In 1:_3 38.70?

Max Width (@ X0 = 1528.3), In. _ '7.920

Max Depth (@ X0 = ]A6/+), In. 250.0 ?. r-jO0

Fineness Ratio

Area - Wc2

Max. Cross-Sectional 3kO. 88 0.3068

Planform i , i

Wetted

Bose
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¢ABI_;]II (Cont.'d)

MODEL COMPONENT : .... C,ANr_'/Y- % -__

GE'NERAL DESCRIPTIF.It.:,_. _9_¢i m_.C.U.,r._t,!r_A,_.... Ca,n_qi)E._.._.l ___wJJ,hf,,_,. 1._._

_CJA"

• _ ,, __ i i i ii i

M('}D_L.SCALE: 0.03o MnDF,I,DWC,: :;S-A001/,7,neles_e 12 --.

DRAWINGNUMBER. _ VL?O-._14)A. .........

DIMENSIONS FULL SCALE MODEL SCALE

Length (Xn,-_3/4.6&3to 57R), In. _ /,.301 ,.

MaxWidth (_.,,Xo = 513.1.27,),In. 152./+12, _ _.572

Max Depth ((" XO = &85.0), In. 2_ 0.7_U

Finene3s Ratio ....

Area ,.

Max. Cross-Sectional i

,.: Planform i

i "'

• Wetted

Base
: I I

i-1
J,

c, - ' 0" , • '" " ';

• ', _ ..... ._ : .......... .... : ",i_i c i " - .. : ' _,""."_ ..... :-"'_-" '_;"i "_~_, " ". .... :,' '" "" °"" _ '_"..... ""

": ...._....;,............ _'_................... UUUUUUU_-_o,,.,,,:
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+ L
i" TABLE III (Cont'd)

!i'
-P _ODEL COMPONENT F,I_,VON- Y,L,.._;

li G£NERAL DESCRIPTION 6.0 In. F.S. _aD_ machinod :TLnkqE.._ elovon.

_ ....... - ___.j. +.
i

Plipp_r doors een_erbod_ pleees, &nd Lipneal_ &re not+s_mulated.

(Data &re for one.of two sldes.)

MODEL 5t:ALF: 0.030 _ =

DRAWING NUMBER ,

DP,_ENSIONS FULL SCALE MODEL SCALE

Area - Ft2 210.0 0.189
ii i ,

Span {equivalent) , In. 3h9.2 iO.h76

Jnb'dequivalent chord, In. 118.O , 3.5&

Outb'dequivalent chord , In. 55.iq 1.656

Ratio movable surface chord,
total surface chord

At Inb'd equiv, chord O.aO_6 0.2096

At Outh'd era;iv, chord O.&OOh O.hOO&

Sweep Back Angles, degrees J .

Lead,ng Edge O.O0 0.00 .

Tra,ltng Edge _ - ZO.O.W)....

Hingellnu 0.0 0.0
(Product, of Area & _)_

Aret,Moment l[_lz1_:xl_J_l_E_el ,Ft_158_'25 0.0_29

M_.anAerod.v_amicChord, Tn. 90.7 2.721
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TABTJ_Ill (Cont,'d)

MODEL COMPONENT :_ BODY P]AP - F'o

GENERAL DESCRIPTION : Conttgu_'_t,%on 1/,oA/R J : -

, .4 J , i •
4

HoO_LSCA_: O.O;m ......

DRAWINGNUMBER , VL?O-O_. I&O.B, -000200

-1
DIMENSIONS FULL SCALE MODEL SCALE

Length (Chord), In. 8_.7 2.5&1

Max Width , In. . 262.308 . ?.869

Max Depth, Tn. 23.00 0.690, • | ,,, , i

Fineness Ratio

Area - Ft 2 |

Max. Cross-Sectional

Plunform =_ l&2.60 0.128

Wetted .....

Base &l,90 0.0377

I
38 .... 1<,,, .'"
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' TABLE III (Cont'd)

MODEl..COMPONENT :, OMB P_D - MI6 ..

• GENERAL DESCRIPTION : Confl_uration IAOC..orbiterOMS pod - ehqrt Dad.

External contour is ¢o referenced draw_g_ with 1/2" added to §imulate
/

TPS.

MnDEL SCALE: O.015

DRAWINGNUMBER ' _VL70-OOSLO1. -O08E_,Q

DIMENSIONS' FULL SCALE MODEL SCALE

Length (OMS Fwd Sta X0 =1310.5),Iz_,._.J._,._g__ 7.75_

Max Width (@ XO = 1511), In. 1_6,8 . . 4.10/f

Max Depth (@ XO = 1511), In. 7&.70 2.2&I D

Fineness Ratio 2.48_f 2.484 --

Area - Ft2

Max. Cross-Sectional 58.86_ 0.053

Planform

Wetted

Base

39
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TABr_;III (Cont,'d)
OMS I,

,3E'_;,;RALDESCRIPTION: Conf}a.r_t_A_!_%&o_p___/_ D_zzl2_ ...........

4O
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I
TABT_;Ill (toni'd)

_ODEL COMPONENT u _I_DF.R - _r

GENERAL DESCRIPTION . Confi_urstion 140C orbiter rudder (identi¢_$ to

c_onfiRuz_tionI&OAIB rudder).

MODELSCALE: 0.0_0 ....

DRAWING NUMBER VL?O-OOO_6B, -000095

DIMENSIONS FULL SCALE MODEL SCALE

Area - Ft2 1OO.15 .0.090

Span (equivalent), In, 201,00 6.030

lnb'd equivalent chord , In, 91.585 2.7&8 .

Outb'd equivalent chord, In. 50.833 1.,52,5

Ratio "novablesurface chord/
total surface chord

At lnb'd equiv, chord O-4QQ 0.400

At Outb'd equiv, chord O.&O0 O.&O0

Sweep Back Angles, degrees ...

Leading Edge 3h.83 3&..83 .

Tro, l,ng Edge 26.25 26.2,_

Hingeline Jk. 8_1 3&.BJ
(F_oduct of area & ¢) _ '

Area Moment_ ,Ft'_ O.O165 ,

Mean aerodynamic Chord, In. 73.2 2.196

4]
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TABLE III (Cont'd) II
MODEL COMPONENT: VERTICAL - V8

GENERAL DESCRIPTION: CgnfiF,uration 140C orbiter vertical tail.

(Identical to configur&tion 14OA/B vertleal tail.) I

I
MODEL SCALE: 0.030 ' i

DRA'_FINGNUMbeR: VLTO-0OOIAOC: -OO01&6B

DLMEI_SIOI{S: FULL SCALE MODEL SC_LE

TOT/L DATA

_rea(Tbeo)-Ft2

Span (Theo) - In. _I_.72 . 9._72
A_peet Ratio !,67_ 1.675 _._ ,!
Bate of Taper _. 0.507 _ 0.507 .__
Taper iR_tio O.LO& __9.,AO&__ I
Sweep-Back Ar4_les,De_rees. j

Leading Edge &5.000 AS.000 I
Trailing Edge 2--_.25 _.25 ij
0.25 Elemen_ Line _ _.__

Chorcl_: ]

Root(Theo);;? _X_S._Q_ ,8.o_s_
Tip (Theo) WP IQS.A7 3,25& i

iPus. $ta. of .25 Mu._C _.. !
w.P.of .25MAC ___ __
B.L. of .25 MAC 0.0 .. O,O .., 4

A_rfoil SectLon

Leadin6 Wed6e :.nGle- DeZ. i0.0 i0.O !
Trailin6 %.:edgeJ:ncle- DeE. _ ____ i
Leadin_ Edge Radiu,, 2.0 0.060

Void ;.tea i_.17 0.0019

i-_ BL-nketed ;.re_ _ 0.0 0,0 __ i

i!i

, 42
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. TABLE III ((:onl'd)

MODEL COMPONENT• _ W_N.G.-__16 , ......

GENERAL DESCRIPTION: ConflAn_rq_91_4 , ,

NOTE,: Identical to W____j:except airfoil thickness. Dihedral an_le is alon_

traiiin_ edge of win_,

MODEL SCALE,: 0.030
i J i t_ II i I

TESTNO. DWG.NO, VLVO-OOOI40A,-000200 ,

DIMENSIONS,:. FULL-SCALE MODELSCALE

TOTAL DATA
__eo. ) Ft2

Planform 2690.00 ..2._21 ,,
Span CTheo In, " . 9_6.,68.' 28.10
Aspect Ratio 2.26.} 2.26}
Rate of Taper 1,177 1,177
Taper Ratio . . o,RoQ. .o,R_)Q.
Dihedral Angle, degrees 3.500 3.50o
Incidence Angle, degrees . O,}Q9 0.500
Aerodynamlc Twist, degrees .....
Sweep Back Angles, degrees

Leading Edge 4_...000 4_.000
Trailing Edge - !O.O_6 - IO,O_6
0.Z5 Element Line _.207. _.209

Chords:
Root (Theo) B.P.O.O. ,68_.2& .20,677
Tio, _Theo) B.P. 137.85

MAC _Fus.Sta.of .25 MAC
w.p.of .ZsMAC _90,_8 -_8.vz7
B.L. of .25 MAC , _

EXPOSED DATA
Area Crn_46) Ft 2 17}I.50 1.576 _
Span, (Theo) In. BP_08 _720.68 21,6@0
Aspect Ratio 2.059 2.059
Taper Ratio 0.2&5 0,. ,,_f5
Chords

Root BPIO8 _62,o?
Tip 1.00 b _

MAC _ 392.83 ii.78_
Fus. Sta. of .25 MAC n85.98 .
W.P. of .25 MAC 12_5.30 8.829
B.L. of .25 ,MAC 251.77 . 7.555

Airfoil Section (Rockwell M04 NASA)
XXXX-64

Root b = o. 113, o. 113 ....
T

Tip b • 0.120 0.120
T • | II I i i ii

Data ,_erC_,)of (2) Sides

te_dinq Edge Cuff._"anee_m A_ t2 ..IJ.3._l_:i
"_4_ng Edce ;.ntersectsrUS M, L. @ StQ '""'(_ 1_j}
r:,:_'ir,_Ed_. _:,,tr_,ec_._Wing @ Sta !'P2',.',?.,, 3n _?
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4- r

ELEVON DF2LEOTIONS " _ ,/_

PARALLEL TO TgE FRL _

_DT HAP DEFLECTIONS

xo- 153P
b. Definition of Angular Heasurements

Figure I. - Continued.
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c. ElevonHingeMomentSignConvention

FigureI. - Concluded. I I
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PRESSURE ORIFICE LOCATION OF LEFT WING P_NEL '

Z15

_o9z,o z,, zLz 2_3z,4 1 _ I
Yo 208 -_"_-- " _ -_ _/ = 0. 235 gN (CLOCAL - 981 IN)

= If0

21( 226

zz_
Z18 220 / I 228

ZZZ ZZ3 Za4 ZZS _l / ZZ9

Yo = 140 217 '---" , , , ._._ _} = 0.299 (CLoCA h - 781 IN. )

/' I233234238236 2372381\241
,30232 23924°

23 24.6
244 245/ 248 .,_, 252 253

243 _ i-/ n _,_A _ J254

_,,,,,\ii247,249 25o_\ l'/_55 ,): 0._64IN.
Yo = 170 _ ._._._._.,: , -. : _.., (CLOCA L - 615 IN. )

256 257 259 _61 g64" 265 _67
', 2-,8 280271_,_ _74 . _ /Z81

--. ,,,,Y = 200 _ _ . 296 (CLocA L - 469 LN,)
o 283-_, ,L.,\ 28929o/1_ \

, o, /_ '29@
284 [6 288 .,^. 292_ 295

285 302 ,._/1. ?.93 30q299300,3043o63o8.-
298_01_303-_" 305 ',_07!/t, 310

= 7 x..;,_--_.__: _ ,t_, _ = 0.534 IN.Yo 280 29._.._%. . __ _.323

3./- 3_¢°3_33o._...5 _" -""v"332" 338 ._ _ = O.673 IN_
Yo=315 324_.__-_g- 347

33_ 337 - 341342 _ (CLocA L - 318 IN. )
' 343 345

349 350 351-_53_355_357 W -- 0,780 IN.
Yo = 365 348 =._.--L----_358 - 362 363-- 366 (CLocA L- 258 IN.)

371 372 374 37%

3j_,9 370 . _ _ .=o.88_IN.= 415 367 (CLocA L -.2_00 IN. )
Yo 377 378 3'_ 380"--383 -- 386

Y =4ss 3__-_ !9f_'-_43st3 '
o '_dI' (CLocA L - 158 IN. )

_k4o,
WING TIP _" _ = 1.00 ,

JL,o, i
--ELEVONS I-L, FUSELAGE STA 1387 !

c. Fuselage,VerticalTail, and Wing PressureTap Locations

Figure2. - Continued. I "
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APPENDIX

VOLUME
NO. CONTENTS PAGES

3 TABULATEDFORCE DATA 1-723

TABULATEDPRESSUREDATA

COMPONENT

4, 5 Orbiterfuselage 1-1270

6, 7, 8 (Note) Lowerwing 1271-3146

9, lO, II (Note) Upper wing 31@7- 5404

- 12 Upper body flap 5405-5773
12 Lower body flap 5774-6142

13 Speed brake 6143-6546
13 Verticaltail 6547-7114

Note: Data tabulatedat 2Y/BW = .673,X/CW = .775, .850, .950& l.O0
were actuallylocatedat 2Y/BW = .64l,X/CW = .775,.850,.950
& l.O0 as shown in Table V on page 47.
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